Amplitudes of bolometric light curves produced by 2D and 3D SPH simulations are used to determine the corresponding visual amplitudes. They turn out to be ∼ 10 times lower than typical amplitudes of superhumps. This means a major failure of the tidal model of superhumps.
Introduction
The name "superhumps" refers to periodic light variations with periods slightly longer than the orbital periods which are observed in dwarf novae during their superoutbursts and in the so-called permanent superhumpers (cf. Warner 1995, Hellier 2001 and references therein) . Their amplitudes are -typically -0.3 mag.
Superhumps are commonly believed to be due to the tidal effects in the outer parts of accretion disks leading -via the 3:1 resonance -to the formation of an eccentric outer ring undergoing apsidal motion. Following the pioneering work by Whitehurst (1988) and Hirose and Osaki (1990) numerous authors published results of their 2D and 3D SPH simulations, their main goal being to reproduce the superhump periods.
Less attention was paid to the problem of amplitudes. In fact, there have been only few papers (for references -see Section 3) presenting light curves resulting from such simulations. Their amplitudes, compared with the observed superhump amplitudes, could provide another crucial test for the tidal model. Unfortunately, such a direct comparison has been -so far -impossible for two reasons. First, because the model light curves are bolometric. Secondly, because in nearly all cases they do not refer to the full disk but are calculated with respect to the bolometric luminosity of the outer part of the disk (their amplitudes being, obviously, larger than the true amplitudes). The only exception were the visual, full disk light curves published by Simpson et al. (1998, Fig.2) . Their amplitudes were very small (∼ 0.04 mag.) but this could be attributed to the fact that model parameters used in those simulation were chosen to represent AM CVn.
To clarify this problem we use a simple method (Section 2) to determine (Section 3) the full disk visual amplitudes corresponding to the amplitudes of "partial" bolometric light curves produced by 2D and 3D SPH simulations. Results will be summarized in Section 4.
Definitions and Formulae
To begin with we define the amplitude as
The amplitudes referring to the full disk will be designated as "A", while those referring only to its outer parts (see below) -as "a".
In what follows we will use the amplitudes of bolometric light curves of superhumps resulting from 2D or 3D numerical SPH simulations made with various values of the mass ratio q. Important for further analysis is the fact that in nearly all cases those light curves do not refer to the full disk but were calculated using only the outer parts of the disk with R i < R < R d (the resulting amplitudes a bol being, obviously, larger than the true amplitudes A bol ). Accordingly, the luminosities referring to the full disk will be designated as L bol and L V , while those of the outer part -as L bol,i and L V,i .
The superhump light source (SLS) is located in the outer parts of the disk and covers only small fraction x of its total area. From "dissipation maps" (e.g. Fig.8 of Murray 1998) we estimate that at superhump maximum x ≈ 0.05. For the specific location of SLS we assume that it is located in the ring between R sh and R sh + ∆R, where ∆R = 0.1R d . The fraction of the ring area covered by SLS is then x r = x/(2r∆r + ∆r 2 ), where ∆r = ∆R/R d . The corresponding ring luminosities will be designated as L bol,r and L V,r . To see how our results depend on the adopted value of R sh we used R sh /R d = 0.6, 0.7, 0.8, and 0.9. In all cases the resulting visual amplitudes (see below) turned out to be very similar.
System parameters used in our calculations are: the mass of the primary, for which we adopt M 1 = 0.8M⊙ -typical for dwarf dwarf novae of the SU UMa type, and the mass ratio q, which is already specified for each model. Together with the Kepler Law and the mass-radius relation for the secondary they uniquely determine all other parameters. Needed in further calculations are: the radius of the disk, calculated as R d = R tid = 0.9R Roche , and the full disk area:
d (where "2" refers to the two sides of the disk). The bolometric and visual luminosities at minimum -L bol , L bol,i , L bol,r and L V , L V,i , L V,r -are then calculated using the standard formula for T e (R) applicable to the case of steady-state accretion:
For the accretion rate we adopt logṀ = 17.5, obtained from recent analysis of superoutbursts of Z Cha (Smak 2008). Worth adding is that our particular choice of M 1 andṀ has only little effect on results discussed below.
We now assume that the SLS can be represented as a region of higher temperature T sh =const., covering area xS d . If so, the bolometric luminosity of the outer part of the disk at maximum (including SLS) can be written as
This equation can be used to determine T sh . Turning to the visual luminosity of the full disk at maximum (also including SLS) we can write
where
f V (T ) is the visual flux (per unit area). The resulting visual amplitude is
A V = L max V L V − 1 .(5)
The Visual Amplitudes
We begin with models based on 2D calculations. As demonstrated by Smith et al. (2007) such models are insufficient to produce reliable superhump periods and their amplitudes. In particular, the comparison of light curves presented in their Fig.6 shows that the amplitudes resulting from 2D simulations are 2-4 times larger than those obtained from 3D calculations. Furthermore, the 2D light curves often have peculiar shapes including narrow peaks giving amplitudes much larger than those corresponding to the smooth part of the light curve.
In spite of those problems we decided to use the 2D light curves taken from Hirose and Osaki (1990, Fig.8 ), Murray (1996, Fig.11) , Murray (1998, Figs.6 and 7) , Truss et al. (2001, Fig .7) and Foulkes et al. (2004, Fig.2) . Results are listed in Table 1 , where the fourth column gives the bolometric amplitudes a bol obtained from those light curves, while the last column -the mean value of A V obtained from individual values corresponding to the four different values of R sh (see above). In all cases when two values of a bol and A V are listed, the first of them refers to the smooth part of the light curve, while the second -to the narrow peak.
The resulting visual amplitudes are generally smaller than A V ∼ 0.10. The only exception is the first entry representing one of the early models by Hirose and Osaki (1990) . Excluding this case and using only values of A V corresponding to the smooth parts of model light curves we We now turn to the light curves published by Smith et al. (2007, Fig.4) . They were based on their 3D simulations and calculated with respect to the luminosity of the outer ring with R i = 0.3A. Results are listed in Table 2 . As can be seen, the visual amplitudes are very small, their average value < A V >= 0.036 being 10 times smaller than < a bol >. This difference results primarily from the fact that a bol did not include contribution from the inner parts of the disk, responsible for a large fraction of the total bolometric luminosity and only for a small part of the visual luminosity. 
Discussion
Results presented above can be summarized as follows: Even in the case of 2D simulations, producing bolometric light curves with strongly overestimated amplitudes, we find that -in spite of that -the corresponding visual amplitudes are very small. Using more reliable bolometric light curves produced by 3D simulations we obtain visual amplitudes which are only < A V >= 0.036. This is ∼ 10 times too low to explain the typical amplitudes of superhumps A V ∼ 0.3. In view of this discrepancy we must conclude that the tidal model for superhumps fails to explain their amplitudes.
